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We have developed a method for simultaneous visualization by electron microscopy of both the distribution of cell surface receptors and architectural features ofthe inner membrane surface, such as dathrin-coated pits. Electron microscope grids were covered with formvar and coated with poly-L-lysine.
These grids were then placed on a piece of bufferimpregnated cellulose acetate membrane filter maintained at 4#{176}C on an ice bath. Cells ofinterest were grown on glass coverslips and incubated with either a ligand-gold or an an-
Introduction
The clustering of receptors in clathrin-coated pits is a critical event for the efficient internalization of macromolecules by receptormediated endocytosis (2, 12) . Some receptors constitutively cluster in coated pits (4,5), whereas others appear to require ligand binding before migrating to this membrane specialization (13) . Recent studies suggest that the cytoplasmic tail of these receptors contains a polypeptide sequence that serves as a signal for receptor clustering (7, 9, 16, 26) . Moreover, this signal function can be modulated by phosphorylation ofthe tail (13) . The molecular elements within coated pits that interact with this signal are not known.
At present the only way to determine unambiguously ifa receptor is clustered in coated pits is by thin-section electron microscopy (5, 23, 24 prepared as previously described (20, 22, 25) . cork on the coverslip and applying light finger pressure for 10 sec while continuing to suck away buffer that was extruded from between the coverslip and the filter (B, Figure 1 ). In some trials, the application of pressure to the grid caused a slight lateral movement of the coverslip. We found that this movement was transferred to the whole glass sheet, which in turn slid on the ice surface of the ice bath. Thus, there was not any damage to the membrane on the grid. With curved forceps, the coverslip was quickly lifted off the filter (C, Figure  1 ). Most of the grids, which had attached Figure 1 . Diagrammatic presentation ofthe method for visualizing LDL receptors and clathrin lattices in membranes torn from the apical surface of cultured cells. (A) From left to right, the three steps in preparing the torn membranes after the cells have been labeled with either an antibody-gold or ligand-gold conjugate.
The poly-L-lysine-coated, formvar-supported grids are placed on membrane filter and the coverslip with labeled cells is positioned over the grids. (B) With the proper pressure, the top surface of the cell makes contact with the grid and adheres. (C) When the coverslip is removed, the adherent piece of membrane remains on the grid such that the gold label is between the membrane and the formvar support.
The cytoplasmic surface of the membrane is now exposed for experimental manipulation. 
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.. Figure 2 . Distribution of gold particles on attached membranes from normal fibroblasts that had not been incubated with LDL-gold (A) or had been incubated with either 10 sg/ml of LDL-gold (B) or 10 ig/mI of LDL-gold plus 200 tg/ml of unlabeled LDL (C). Cells were prepared as shown in Figure 1 and described in Materials and Methods. Whereas excellent correlation was observed between the distribution of clathrin lattices and LDL-gold complexes in cells that received only the gold probe (B), the presence of excess LDL effectively eliminated binding of the LDL-gold (C). Open arrow, coated pits; a, actin cables; solid arrow, serpentine membrane tubules.
Original magnification x 30,000. Bar = 0.5 tm.
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.. gold-labeled membranes, remained on the coverslip. They were picked off the glass surface, briefly washed with ice-cold Hepes buffer, and immersed in ice-cold 4% glutaraldehyde in Hepes buffer. Special care was taken to transfer the grid rapidly (<2 sec) to the fixative to avoid warming of the sample. After fixation for 15 mm at 4'C and 15 mm at room temperature, the grids were subsequently fixed in 1% osmium tetroxide in Hepes buffer for 10 mm at room temperature, washed three times for 5 mm in Hepes buffer at room temperature, incubated with 1% aqueous tannic acid for 10 mm, washed twice for 5 mm in distilled water, incubated with 1% uranyl acetate for 10 mm at room temperature, and washed twice for 1 mm with distilled water before air-drying. Each grid was then lightly coated with carbon to reduce contamination in the electron microscope and was viewed with a JEOL 100 CX electron microscope. The most critical steps in this procedure are: (a) thorough washing after the osmium tetroxide fixation and tannic acid staining steps to avoid heavy metal precipitates;
/
(b) keeping the grids wet throughout the entire procedure, since any amount of air-drying before the uranyl acetate staining step will destroy the membrane architecture; and (c) keeping the membranes at 4'C or lower until after the fixation step to maintain the proper relationship between the label and the membrane specialization being studied.
Results
Our aim was to develop a method for viewing the distribution of membrane receptors that combined the advantages of immunofluorescence and electron microscopy.
The former technique enables one to view large areas of membrane, whereas the latter offers high resolution.
We reasoned that we could combine these advantages by first labeling the cells with immunogold or ligand-gold conjugates and then attaching the plasma membrane of these cells to a poly-L-lysine-treated surface that was transparent to electrons. Figure  3B ) after the cells had been incubated with anti-LDL receptor IgG-gold. Whereas the particles were clustered in association with coated pits in normal cells, virtually no gold was visible on the mutant cells. The structure of the membranes was identical. The only difference we noted between the anti-receptor-gold and the LDL-gold labeling pattern was the reduced amount of Iabel afforded by the IgG-gold conjugate (compare Figure  3B with Figure  2A ).
The next two tests are presented in Figure 4 . The cells used were LDL receptor-negative CHO cells (15) which had been transfected with either normal human LDL receptor cDNA ( Figure  4A ), internalization-defective LDL receptor cDNA ( Figure 4B ), or salmon sperm DNA ( Figure  4C ). All three sets of cells were incubated in the presence of anti-receptor IgG-gold before membranes were pre- :;# '-c :-
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. . Figure 4. Distribution of anti-LDL receptor lgG-gold particles on attached membranes from LDL receptor-negative mutant CHO cells that had been transfected with either (A) a normal human LDL receptor cDNA, (B) an internalization-defective LDL receptor cDNA, or (C) salmon sperm DNA. Cells were prepared as shown in Figure 1 and described in Materials and Methods. Whereas the coated pits were the predominant site of LDL-gold labeling in the cells expressing the normal receptor (76% of 1243 gold particles in coated pits, 156 tm2 surface evaluated), the gold particles were dispersed on the membrane (circles) of cells that expressed the internalization-defective cDNA (8% of 832 gold particles in coated pits, 129 tm2 evaluated) and were absent from the surface of cells that received the salmon sperm DNA (69 gold particles, 200 sm2 evaluated). Open arrows, coated pits. Original magnification x 56,000. Bar = 0.25 tm.
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